Abstract.
Nine patients with Graves' ophthalmopathy (GO) were treated with intravenous methylprednisolone pulse therapy and followed up by ophthalmological assessment, magnetic resonance imaging, and thyroid-associated autoantibody (thyroid stimulating antibody (TSAb), TSH binding inhibitor immunoglobulins (TBII), and anti-eye muscle antibody (EMAb)). Ophthalmological assessment was performed by the ophthalmopathy index (OI) which was made on the basis of the system recommended by the American Thyroid Association Committee. EMAb was expressed as the ratio of density of the 64 kDa band of eye muscle membrane to that of 92 kDa non-specific band found with all normal sera when assessed by western blotting.
Five patients with mild ophthalmopathy (OI<4) did not show progressive improvement in OI. Three of 4 patients with severe eye disease (OI>4) showed a progressive and distinct improvement in OI. These 3 patients had high TSAb levels before methylprednisolone pulse therapy. One patient with severe ophthalmopathy did not respond to this pulse therapy; this patient's TSAb was negative. A significant positive correlation was observed between the activity of TSAb before treatment and the improvement in OI (DOI) (r=0.86, P<0.01, n=9). The relationship between iOI and EMAb did not reach significance. These results suggest that TSAb in sera of GO patients can be a useful marker for predicting the efficacy of methylprednisolone pulse therapy.
Key words; Thyroid stimulating antibody, Graves' ophthalmopathy, Steroid pulse therapy, Anti-eye muscle antibody (Endocrine Journal 42: 441-448,1995) GRAVES' ophthalmopathy (GO) is a progressive inflammatory disorder of the extraocular muscles and now considered to be autoimmune in nature [1] . Currently, the view which seems to be prevailing is that there may be ocular antigens which cross-react with thyroid antigens so that GO would be considered inseparable from autoimmune thyroid disease (AITD) [2] [3] [4] .
Hiromatsu et al. have detected serum eye muscle antibodies (EMAb) in Japanese patients with GO by quantitative analysis of western blotting with rat eye muscle membrane antigens [5] , but its precise role(s) in GO and the nature of the corresponding target antigens have not yet been elucidated.
It has recently been suggested that the retroorbital fibroblast represents the target tissue in GO [6] . GO is currently unpreventable and the condition is usually treated only when the symptoms become serious or vision is affected. Various therapeutic trials have been reported, for example, corticosteroids [7] [8] [9] [10] [11] , supervoltage orbital radiation [12] , cyclosporine A [13] , immunoglobulin [14] , and plasmapheresis [15] [16] . The results of some of these trials have often been controversial, indicating that none of these therapies is satisfactory and that it is difficult to establish the best strategy for the management of GO. Corticosteroids have been widely used, and a good effect on GO has been reported [7] [8] [9] [10] [11] . Among them, high-dose intravenous methylprednisolone pulse therapy has been reported to be effective in the treatment of GO [9] [10] were scored from 1 to 3 according to their severity and activity ( Rat eye muscle antigen and skeletal muscle were prepared as previously described [5] , i.e., the tissue obtained at sacrifice was minced with scissors and homogenized with a mechanical homogenizer in phosphate buffered saline (PBS), pH 7.4. The homogenate was centrifuged at 800 x g for 10 min at 4 °C to separate off debris, and the supernatant was then further centrifuged at 100,000 x g for another 60 min. Membrane fractions were resuspended in 1 mg/ml PBS, pH 7.4 and stored at -70 °C until use .
Anti-eye muscle antibody (EMAb) activity
EMAb activity was determined as described [5] . Briefly, rat eye muscle membrane separated by a Table 2 . Ophthalmopathy Index SDS-polyacrylamide gel electrophoresis was transferred onto nitrocellulose membrane, followed by incubation with serum of 1:200 diluted with PBS, and detection of human IgG bound to eye muscle membrane-proteins by using the enhanced chemiluminescence (ECL) western blotting system (Amersham Japan Co., Ltd, Tokyo, Japan). The band at 64 kDa was regarded as EMAb. EMAb activity was expressed as the ratio of the density of the 64 kDa-band detected by chromato-scanning to that of the 92 kDa-non specific band which was always stained with sera of normal controls. The normal range, determined by the mean ± 2SD of EMAb from 7 normal sera, was -0.13 to 0.77. Any level above 0.77 was regarded as EMAb positive. Mc-Ab and Tg-Ab were measured by a passive hemagglutination assay with commercial kits (Serodia ATG and Serogia AMC, Fujirebio, Tokyo, Japan). TBII was measured with a commercial kit (Baxter Co., Tokyo, Japan; normal, <15%).
Thyroid-stimulating antibody (TSAb) activity
TSAb was assayed by measuring cAMP production in porcine thyroid cells as described [21, 22] . Briefly, 5 x 105 cells/dish of porcine thyroid cells obtained by digestion with collagenase (1 mg/ml) were incubated for 16 h. After removing the medium, 0.3 ml modified hypotonic Hank's medium containing the crude IgG fraction prepared in 15% polyethylene glycol was added, and the thyroid cells were incubated for 2 h. After the incubation, the amount of cAMP released into the medium was measured with a RIA kit (Yamasa Shoyu Co., Chiba, Japan). The normal range, determined from the mean ± 2SD of TSAb from normal sera, was 55-145%. Any level above 145% was regarded as TSAb positive.
Magnetic resonance imaging (MRI)
MRI with a 1.5-T superconductive magnetic unit (SMT-150X; Shimazu, Kyoto, Japan) was performed in all patients before pulse therapy and in 4 GO patients (patients 1, 2, 8 and 9), before and after methylprednisolone pulse therapy. The degree of muscle swelling was assessed as described [17] . The sum of muscle thickness from four extraocular muscles (superior rectus, inferior rectus, lateral rectus, and medial rectus muscle) of bilateral eyes, i.e., the sum of 8 muscle thicknesses in each patient was expressed as the ratio of that after/before methylprednisolone therapy.
Statistical analysis
The were considered as the level of significance.
Results Table 1 depicts clinical and immunological find- Table 3 . Reduction in each category of ophthalmopathy in dex after methylprednisolone pulse therapy ings in 9 GO patients. All 9 patients had exophthalmos of over 17 mm when assessed with an exophthalmometer.
Five of these 9 GO patients had positive TSAb, 6 had positive TBII, 3 had positive EMAb, 4 had positive Mc-Ab, and no patient had positive Tg-Ab. Four of these 9 patients had high OI of over 4 points (patients 1, 2, 6 and 8) before pulse therapy.
OI in each category before and after the pulse therapy is shown in In addition, some of the eye symptoms i.e., increased lacrimination, eye pain and eye lid swelling were remarkably improved in this case. Patient 6 was diagnosed as having hyperthyroid GD and GO; he began to take an antithyroid drug when he was 65 years old. Three months later, he stopped taking oral medication because of remission, but his eye symptoms (increased lacrimination, conjunctival chemosis and injection, and double vision) persisted. After pulse therapy, his TSAb level declined (1758% to 100%); this was concomitant with an improvement in the eye symptoms. Patient 8 had 8 point 01 severe ophthalmopathy. This patient's eye symptoms did not ameliorate even after methylprednisolone pulse therapy (0 point of DOI). Her TSAb and TBII were from negative to weakly positive. The remaining 5 patients (Patients 3, 4, 5, 7 and 9) had lower OI of less than 3 points before pulse therapy. These 5 patients poorly responded to the pulse therapy (0 to 1 point of AOI). Their TSAb ranged from negative to 314 % at maximum.
The AOl of 9 GO patients and TSAb before treat- Fig. 2 ), although the relationship between the AOl and EMAb did not reach significance (r=0.58, P=0.10). There was no significant correlation between EMAb and TSAb (r=0.53, P=0.14), or EMAb and TBII (r=0.42, P=0.26).
Discussion
Although corticosteroids have pronounced efficacy in the treatment of GO, only a few reports of corticosteroids pulse therapy [9, 10] have been documented.
Thus far there have been no accepted useful markers for the prediction of the efficacy of methylprednisolone pulse therapy. In this series of 9 GO patients treated with intravenous methylprednisolone, 5 did not respond to this medication when assessed by DOI. Among them, patient 8 did not respond to pulse therapy despite severe eye manifestations (8 points 01); her TSAb was negative. One patient (patient 3) showed only minimal improvement (1 point DOI). On the other hand, the remaining 3 patients (patients 1, 2 and 6) who had strongly positive TSAb levels showed remarkable overall amelioration of ophthalmopathy after pulse therapy.
On the other hand, there were no differences among 4 patients with high OI of over 4 points (patients 1, 2, 6 and 8) in titres of McAb and Tg-Ab, severity of five categories (see Materials and Methods), and duration of exophthalmos, in the present investigation.
These results, and a statistically significant correlation between AOl and TSAb before treatment suggest that TSAb can be a candidate for the predictive marker of the efficacy of pulse therapy, i.e., we might be able to expect a good response of this therapy in GO patients whose TSAb levels are high.
A similar tendency was observed in patients' TBII levels. With one exception (patient 1), TBII levels were almost parallel with TSAb levels, so that TBII levels and AOl correlated significantly.
The relationship between GO and TSH receptor autoantibody is still controversial. Some investigators have reported that TBII activity was correlated positively with the severity of ophthalmopathy [23] . Others have reported the lack of a significant correlation between TBII and eye disease [24] . However, Kasagi et al. have reported that TSAb were detected in 80% of euthyroid Graves' patients with ophthalmopathy [25] . In addition, extremely high TSAb activities have been found in patients with severe GO requiring orbital decompression [26] . Tamaki et al. reported two patients with hypothyroid Graves' disease whose eye signs improved in parallel with the decrease in TSAb and TBII noted after the initiation of levothyroxine therapy [27] . These reports suggest the participation of TSAb as a crucial factor in the pathogenesis of GO. A recent study [28] has shown the expression of TSH receptor-specific mRNA and the presence of TSH-binding sites in retro-orbital tissue of GO, suggesting that the orbit of GO can be a putative target for TSAb. Although its precise mechanism(s) has still been uncertain, high TSAb and/or TBII levels might reflect the activity of the immune assault in patients with GO, thus resulting in a good response to corticosteroids pulse therapy.
In patients 1 and 2, muscle swelling evaluated by MRI diminished in accordance with the amelioration of OI. By the same token, presumably, patients 8 and 9, who showed no improvement in OI, had no change in muscle swelling; these results suggest that OI is able to be used as a reliable and objective index for the evaluation of the severity of GO. It is obvious that the recent advent of MRI has permitted the assessment of fine and subtle changes in ocular muscle swelling in GO patients [29, 30] . A recent study has shown the usefulness of T2 relaxation time measurements with MRI in GO patients for the prediction of systemic corticosteroids and retroorbital radiation therapy [31, 32] , suggesting further useful investigation which will be performed in a future study.
The finding of the lack of a correlation between EMAb and a0I was unexpected, since EMAb has been reported to reflect the severity of GO [5, 33] . Although the precise reason for this phenomenon has not yet been clarified, it might derive from the selection of subjects and/or differences in the methods employed. It might also be due to the small number of patients studied. Further studies are necessary for a fuller illumination of this area.
